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ADHESION METHOD, AND BIOCHEMICAL
CHIP AND OPTICAL COMPONENT MADE

BY THE SAMEL

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
w

The present application 1s a divisional application of U.S.

patent application Ser. No. 12/601,748, filed on Nov. 24,
2009, which 1s a U.S. national stage application claiming the
benefit of International Application No. PCT/JP2008/
060074, filed on May 30, 2008, which claims the benefit of
Japanese Application No. 2007-1440435, filed on May 30,
2007, the entire contents of which are incorporated herein by
reference 1n their entirety.

TECHNICAL FIELD

The present invention relates to an adhesion method and a
biochemical chip and optical component made by the same.
More specifically, the present invention relates to a method of
achieving adhesion without using an adhesive by introducing
a reactive functional group into a surface of each of joining
surfaces by forming a coating film made of a film compound
having the reactive functional group, and chemically bonding,
the joining surfaces via bonds formed between a coupling
agent and the functional group, and a biochemical chip and
optical component made by the same.

BACKGROUND ART

A technique in which two members are adhered to each
other by applying an adhesive to one of or both of joining
surfaces, pressure-bonding the joining surfaces to each other,
and curing the adhesive 1s generally well known (see, for
example, Patent Document 1). However, when a fine structure
(for example, a hole or groove having a size of micrometers
level) 1s provided on at least one of the joining surfaces, for
example, as 1n the case of a member of a biochemaical chip, 1t
1s very difficult to achieve adhesion with no clearance without
filling the fine structure with a fluid adhesive.

In addition, by a known method using an adhesive, 1t 1s also
very difficult to achieve adhesion of an optical member such
as a lens without degrading optical properties thereol because
the thickness of the adhesive or the like on a joining surface
becomes uneven.

As an adhesion method without using an adhesive, for
example, Patent Document 2 discloses a method of adhering
to1l-like or film-like materials to each other with an organic
monomolecular film therebetween. In the method described
in this document, for example, aluminum foils 1n which an
organic monomolecular film having an aliphatic hydrocarbon
group 1s bonded to a surface thereol adhere to each other
through mtermolecular force and a negative pressure.

Patent Document 1: Japanese Unexamined Patent Applica-

tion Publication No. 2005-221478
Patent Document 2: Japanese Unexamined Patent Applica-

tion Publication No. 2003-246971

DISCLOSURE OF INVENTION

Problem to be Solved by the Invention

However, in the method described in Patent Document 2 1in
which adhesion 1s achieved utilizing intermolecular force
acting on an organic monomolecular film and a negative
pressure during pressure bonding of members, the adhesive
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2

strength 1s too low, and thus the method cannot be applied to
adhesion of a biochemical chip, an optical component, or the

like.

The present invention has been made 1n view of the above
problem, and 1t 1s an object of the present invention to provide
an adhesion method capable of strongly adhering two mem-
bers without using an adhesive and without impairing a {ine
structure or optical properties of a joining surface, and a
biochemical chip and optical component made by the same.

Means for Solving the Problems

An adhesion method according to a first invention that
achieves the above object 1s a method of adhering a first
joiing surface of a first member to a second joiming surface
of a second member 1including step A of bringing a first film
compound having a first functional group at an end of 1ts
molecule and a first surface bonding group at another end
thereol 1nto contact with the first joining surface to form a
bond between the first surface bonding group and a surface
functional group of the first joining surface, thereby forming
a coating {1lm of the first film compound on the first joining
surface; step B of bringing a second film compound having a
second functional group at an end of 1ts molecule and a
second surface bonding group at another end thereof nto
contact with the second joining surface to form a bond
between the second surface bonding group and a surface
functional group of the second joining surface, thereby form-
ing a coating film of the second film compound on the second
joming surface; and step C of bringing the first joining surtace
having the coating film of the first film compound thereon into
contact by pressure with the second joining surface having the
coating film of the second film compound therecon while
setting a coupling agent having at least one first coupling
functional group that forms a bond by a coupling reaction
with the first functional group and at least one second cou-
pling reactive group that forms a bond by a coupling reaction
with the second functional group to be in contact with the first
functional group and the second functional group to form
bonds by coupling reactions between the first functional
group and the first coupling reactive group and between the
second functional group and the second coupling reactive
group.

In the adhesion method according to the first invention, 1n
step C, first, the coupling agent may be brought into contact
with the coating film of the first film compound formed on the
first joining surface to form a bond by a coupling reaction
between the first functional group and the first coupling reac-
tive group, thereby forming a coating film of the coupling
agent on the surface of the coating film of the first film
compound, and the first joining surface further having the
coating film of the coupling agent thereon may then be
brought into contact by pressure with to the second joining
surface having the coating film of the second film compound
thereon to form a bond by a coupling reaction between the
second functional group and the second coupling reactive
group.

In the adhesion method according to the first invention,
cach of the first functional group and the second functional
group may be a functional group containing an epoxy group,
and the coupling agent may be a compound containing an
imidazole group.

In the adhesion method according to the first invention,
cach of the first surface bonding group and the second surface
bonding group may be an alkoxysilyl group.
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In the adhesion method according to the first invention, in
step C, the first member and the second member are prefer-
ably heated at the same temperature.

A biochemical chip according to a second invention
includes a first member and a second member, wherein, on a
first joining surface of the first member, a coating film of a first
f1lm compound having a first functional group at an end of 1ts
molecule and bonded to the first joining surface at another end
thereot 1s provided, on a second joining surface of the second
member, a coating film of a second film compound having a
second functional group at an end of 1ts molecule and bonded
to the second joining surface at another end thereof 1s pro-
vided, the first functional group and the second functional
group are bonded to each other via bonds formed by coupling
reactions between the first functional group and a coupling
agent having at least one first coupling reactive group that
forms a bond by a coupling reaction with the first functional
group and at least one second coupling reactive group that
forms a bond by a coupling reaction with the second tunc-
tional group and between the second functional group and the
coupling agent, and the first joining surface 1s adhered to the
second joining surface via the formed bonds.

In the present invention, the term “biochemical chip” refers
to a chemical device for performing an operation such as
mixing, synthesis, extraction, purification, analysis, or mea-
surement of a compound 1n a channel having a width on the
order of micrometers. Specific examples thereol include a
chemical chip, a biochip, a biochemical electrophoresis chip,
a biochemical reactor, a biochemical fluid system, and a DNA
chip, which are used 1n a chemical experiment, a bio-experi-
ment, medical diagnosis, and the like.

In the biochemical chip according to the second imvention,
cach of the first functional group and the second functional
group may be a functional group containing an epoxy group,
and the coupling agent may be a compound containing an
imidazole group.

In the biochemical chip according to the second mvention,
cach of the coating film of the first film compound and the
coating film of the second film compound 1s preferably a
monomolecular film.

An optical component according to a third invention
includes a first member and a second member, wherein, on a
first joining surface of the first member, a coating film of a first
f1lm compound having a first functional group at an end of 1ts
molecule and bonded to the first joining surface at another end
thereol 1s provided, on a second joining surface of the second
member, a coating film of a second film compound having a
second functional group at an end of 1ts molecule and bonded
to the second joining surface at another end thereof 1s pro-
vided, the first functional group and the second functional
group are bonded to each other via bonds formed by coupling
reactions between the first functional group and a coupling,
agent having at least one first coupling reactive group that
forms a bond by a coupling reaction with the first functional
group and at least one second coupling reactive group that
forms a bond by a coupling reaction with the second func-
tional group and between the second functional group and the
coupling agent, and the first joining surface 1s adhered to the
second joining surface via the formed bonds.

In the present invention, the term “optical component™
refers to any light-transmissive member used 1n an optical
istrument. Specific examples thereof include a lens, a prism,
an optical fiber, and an optical recording medium.

In the optical component according to the third mnvention,
cach of the first functional group and the second functional
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group may be a functional group containing an epoxy group,
and the coupling agent may be a compound containing an
imidazole group.

In the optical component according to the third invention,
cach of the coating film of the first film compound and the
coating film of the second film compound 1s preferably a
monomolecular film.

Etitect of the Invention

In the adhesion methods described 1n Claims 1 to 5, a first

film compound and a second film compound covering a first
joining surface and a second joining surface, respectively, are
strongly bonded to the first joining surface and the second
joiing surface, respectively, via covalent bonds, and a first
functional group and a second functional group are strongly
bonded to each other via covalent bonds formed by coupling
reactions with a coupling agent. Accordingly, the first joiming
surface can be strongly bonded to the second joining surface.

In addition, no adhesive 1s used, and thus adhesion can be
achieved without impairing a fine structure formed on a join-
ing surface or optical properties. Therefore, the methods can
be suitably used in adhesion of a biochemical chip or an
optical component.

In particular, in the adhesion method described 1n Claim 2,
first, the coupling agent 1s brought into contact with the coat-
ing film of the first film compound formed on the first joining
surface to form a bond by a coupling reaction between the first
functional group and a first coupling reactive group, thereby
forming a coating film of the coupling agent on the surface of
the coating film of the first film compound, and the first
joining surface further having the coating film of the coupling
agent thereon 1s then brought into contact by pressure with the
second joiming surface having the coating film of the second
f1lm compound thereon to form a bond by a coupling reaction
between the second functional group and a second coupling
reactive group. Accordingly, excess coupling agent can be
removed betfore adhesion. Therefore, elution of excess cou-
pling agent after adhesion and degradation of optical proper-
ties due to discoloration can be suppressed.

In the adhesion method described in Claim 3, each of the
first functional group and the second functional group 1s a
functional group containing an epoxy group, and the coupling
agent 1s a compound containing an 1midazole group. Accord-
ingly, strong bonds can be formed by heating at a relatively
low temperature.

In the adhesion method described 1n Claim 4, each of the
first surface bonding group and the second surface bonding
group 1s an alkoxysilyl group. Accordingly, they can form a
strong bond on a joining surface having an active hydrogen
group such as a hydroxyl group via a covalent bond (s1loxane
bond).

In the adhesion method described 1n Claim S, 1n step C, by
heating the first member and the second member at the same
temperature, generation of thermal distortion can be sup-
pressed, and thus the dimensional accuracy of the first joining
surface and the second joining surface 1n the adhesion can be
improved.

In the biochemical chips described in Claims 6 to 8, a first
f1lm compound and a second film compound covering a first
joining surface and a second joining surface, respectively, are
strongly bonded to the first joining surface and the second
joining surface, respectively, via covalent bonds, and a first
functional group and a second functional group are strongly
bonded to each other via covalent bonds formed by coupling
reactions with a coupling agent.
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Accordingly, the first joiming surface can be strongly
bonded to the second joining surface. In addition, adhesion 1s
achieved without using an adhesive, and thus the biochemical
chips can be made without clogging a groove-like or hole-like
fluid channel provided on a joining surface and having a size
of micrometers level.

In the biochemical chip described 1n Claim 7, each of the
first Tfunctional group and the second functional group 1s a
functional group containing an epoxy group, and the coupling
agent 1s a compound containing an imidazole group. Accord-
ingly, strong bonds can be formed by heating at a relatively
low temperature.

In the biochemical chip described 1n Claim 8, each of the
coating {ilm of the first film compound and the coating film of
the second film compound 1s a monomolecular film. Accord-
ingly, the dimensional accuracy in the adhesion can be
improved.

In the optical components described in Claims 9 to 11, a
first film compound and a second film compound covering a
first joining surface and a second joiming surface, respec-
tively, are strongly bonded to the first joiming surface and the
second joining surface, respectively, via covalent bonds, and
a first functional group and a second functional group are
strongly bonded to each other via covalent bonds formed by
coupling reactions with a coupling agent. Accordingly, the
first joining surface can be strongly bonded to the second
joimng surface. In addition, adhesion 1s achieved without
using an adhesive, and thus the optical components can be
made without impairing optical properties of the joining sur-
faces.

In the optical component described in Claim 10, each of the
first Tfunctional group and the second functional group 1s a
functional group containing an epoxy group, and the coupling
agent 1s a compound containing an imidazole group. Accord-
ingly, strong bonds can be formed by heating at a relatively
low temperature.

In the optical component described in Claim 11, each of the
coating {ilm of the first film compound and the coating film of
the second film compound 1s a monomolecular film. Accord-
ingly, the dimensional accuracy in the adhesion can be
improved.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an explanatory view that schematically shows a
partial structure of a cross section of a biochemical chip
according to an embodiment of the present invention.

FIG. 2 1s a conceptual view 1 which the vicinity of a
surface of a first base material before and after formation of a
coating film of a first film compound 1s enlarged to the
molecular level 1n order to illustrate a step of forming the
coating film of the first film compound on a first joining
surface 1n a method of producing the biochemical chip.

FIG. 3 1s a conceptual view 1n which the vicinity of the
surtace of the first base maternial before and after formation of
a coating film of a coupling agent 1s enlarged to the molecular
level in order to 1llustrate a step of forming the coating film of
the coupling agent on the surface of the first film compound in

the method of producing the biochemical chip.

BEST MODES FOR CARRYING OUT THE
INVENTION

Embodiments of the present invention will now be
described with reference to the drawings to achieve the under-
standing of the present invention. FIG. 1 1s an explanatory
view that schematically shows a partial structure of a cross
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6

section of a biochemical chip according to an embodiment of
the present invention. FIG. 2 1s a conceptual view in which the
vicinity of a surface of a first base material before and after
formation of a coating film of a first film compound 1is
enlarged to the molecular level in order to 1llustrate a step of
forming the coating film of the first film compound on a first
joining surface in a method of producing the biochemical
chip. FIG. 3 1s a conceptual view in which the vicinity of the
surface of the first base material before and after formation of
a coating film of a coupling agent 1s enlarged to the molecular
level in order to 1llustrate a step of forming the coating film of
the coupling agent on the surface of the first film compound in
the method of producing the biochemical chip.

As shown 1n FIGS. 1 to 3, a biochemical chip 10 according
to an embodiment of the present invention includes a first base
material (an example of a first member) 21 and a second base
material 22 (an example of a second member) 22. On a first
joiming surface 11 of the first base material 21, a monomo-
lecular film 13 which 1s an example of a coating film of a first
f1lm compound that has an epoxy group (an example of a first
functional group) at one end of 1ts molecule and that 1s bonded
to the first joining surface 11 at another end thereof 1s pro-
vided. On a second joiming surface 12 of the second base
material 22, a monomolecular film 14 which 1s an example of
a coating film of a second film compound that has an epoxy
group (an example of a second functional group) at one end of
its molecule and that 1s bonded to the second joining surface
12 at another end thereot 1s provided. The epoxy group on the
monomolecular film 13 of the first film compound and the
epoxy group on the monomolecular film 14 of the second film
compound are bonded to each other via bonds formed by
coupling reactions between each of the epoxy groups and
2-methylimidazole (an example of a coupling agent) having,
in its molecule, an amino group and an 1mino group (an
example of a first coupling reactive group and an example of
a second coupling reactive group) each of which undergoes a
coupling reaction with an epoxy group to form a bond. The
first joiming surface 11 and the second joining surface 12
adhere to each other via the bonds formed as described above.

The biochemical chip 10 1s produced by an adhesion
method including step A (see FIG. 2) of bringing a first film
compound having an epoxy group at an end of its molecule
and an alkoxysilyl group (an example of a first surface bond-
ing group) at another end thereof into contact with a first
joiing surface 11 of a first base material 21 to form a mono-
molecular film 13 of the first film compound via a bond
formed between the alkoxysilyl group and a hydroxyl group
(an example of a surface functional group of the first joining
surface 11) 23; step B of forming a monomolecular film 14 of
a second film compound on a second joining surface 12 of a
second base material 22 via a bond formed between an alkox-
ysilyl group and a hydroxyl group (an example of a surface
functional group of the second joining surface 12) by the
same method as that in step A; and step C of, first, bringing,
2-methylimidazole into contact with the monomolecular film
13 of the first film compound to form a bond by a coupling
reaction between the epoxy group and an amino group of
2-methylimidazole, thereby forming a monomolecular film
15 of a 2-methylimidazole derivative (an example of coating
f1lm of a coupling agent) on the surface of the monomolecular
f1lm 13 of the first film compound; and then bringing the first
joiing surface 11 further having the monomolecular film 15
of the 2-methylimidazole derivative thereon into contact by
pressure with the second joining surface 12 having the mono-
molecular film 14 of the second film compound thereon to
form a bond by a coupling reaction between an epoxy group
and an 1mino group of 2-methylimidazole.
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Steps A to C will now be described in more detail.

In step A, a first film compound having an epoxy group 1s
brought 1nto contact with a first joining surface 11 of a first
base material 21 made of glass to form a monomolecular film

8

solvent on the surface of the first base material 21, and allow-
ing the reaction mixture to react 1n air at room temperature.
The application can be performed using any method such as
a doctor blade method, a dip-coating method, a spin-coating

13 of the first film compound having an epoxy group on the 5 method, a spray method, a screen printing method, or an ink

first joining surface 11 (see FIG. 2). The size and the shape of

the first base material 21 that can be used are not particularly
limited, but the first joining surface 11 preferably has a mir-
ror-finished surface having a surface roughness of 1 um or
less, and preferably 100 nm or less.

As the first film compound having an epoxy group, any
compound that can be adsorbed or bonded to a surface of the
first base matenal 21 to form a monomolecular film by seli-
assembly can be used. An alkoxysilane compound 1n which a
functional group containing an epoxy group (oxirane ring) 1s
disposed at an end of a straight-chain alkylene group and an
alkoxysilyl group 1s disposed at another end thereof, and
which i1s represented by a general formula (Chem. 1) below 1s
preferable.

E—(CH,) —Si(OR), [Chem. 1]

In the above formula, E represents a functional group hav-
Ing an epoxy group, m represents an integer in the range of 3
to 20, and R represents an alkyl group having 1 to 4 carbon
atoms.

Specific examples of the first film compound having an
epoxy group that can be used include alkoxysilane com-
pounds represented by (1) to (12) below.

In the case where the surface roughness of the joiming
surface 1s large, a film compound having a long molecular
chain 1s preferably used.

(1) (CH,OCH)CH,O(CH,),S1(OCH,),

(2) (CH,OCH)CH,O(CH,),S1{OCH;),

(3) (CH,OCH)CH,O(CH,), ;S1{OCH, ),

(4) (CH,CHOCH(CH,),)CH(CH,),S1(OCH,),
(5) (CH,CHOCH(CH,),)CH(CH,),S1(OCH;);
(6) (CH,CHOCH(CH,),)CH(CH,)S1(OCH,),
(7) (CH,OCH)CH,O(CH,);S1{OC,Hx),4

(8) (CH,OCH)CH,O(CH,)-,S1{OC,H;),

(9) (CH,OCH)CH,O(CH,), ,S1{OC,Hx),

(10) (CH,CHOCH(CH,),)CH(CH,),S1{OC,Hx),
(11) (CH,CHOCH(CH,), )CH(CH,),S1{OC,Hx),
(12) (CH,CHOCH(CH,),)CH(CH,)S1{OC,Hx),

Here, a (CH,OCH)CH,O— group represents a functional
group (glycidyloxy group) represented by Chem. 2, and a
(CH,CHOCH(CH,),)CH— group represents a functional
group (3.4-epoxycyclohexyl group) represented by Chem. 3.

|Chem. 2]
O

/\

H,C—CHCH,O—

|Chem. 3]

O

The monomolecular film 13 of the first film compound 1s
formed by applying a reaction mixture containing an alkox-
ysilane compound having an epoxy group, a condensation
catalyst for accelerating a condensation reaction between an
alkoxysilyl group and a hydroxyl group 23 disposed on a
surface of the first base material 21, and a nonaqueous organic
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jet printing method.

As the condensation catalyst, a metal salt such as a car-
boxylic acid metal salt, a carboxylate metal salt, a carboxylic
acid metal salt polymer, a carboxylic acid metal salt chelate,
a titanate, or a titanate chelate can be used.

The amount of condensation catalyst added 1s preferably 1n
the range of 0.2 to 5 mass percent, and more preferably in the
range o1 0.5 to 1 mass percent of the alkoxysilane compound.

Specific examples of the carboxylic acid metal salt include
stannous acetate, dibutyltin dilaurate, dibutyltin dioctoate,
dibutyltin diacetate, dioctyltin dilaurate, dioctyltin dioctoate,
dioctyltin diacetate, stannous dioctoate, lead naphthenate,
cobalt naphthenate, and 1ron 2-ethylhexenoate.

Specific examples of the carboxylate metal salt include
dioctyltin bisoctyl thioglycolate and dioctyltin maleate.

Specific examples of the carboxylic acid metal salt poly-
mer include dibutyltin maleate polymers and dimethyltin
mercaptopropionate polymers.

Specific examples of the carboxylic acid metal salt chelate
include dibutyltin bisacetylacetate and dioctyltin bisacetyl-
laurate.

Specific examples of the titanate include tetrabutyl titanate
and tetranonyl titanate.

A specific example of the titanate chelate 1s bis(acetylac-
ctonyl)dipropyl titanate.

A condensation reaction between the alkoxysilyl group
and the hydroxyl group 23 disposed on the surtace of the first
base material 21 occurs to produce the monomolecular film
23 which 1s made of the first film compound having an epoxy
group and which has the structure represented by Chem. 4
below. Three single bonds extending from oxygen atoms are
bonded to silicon (S1) atoms of the surface of the first base
material 21 or silicon atoms of an adjacent silane compound.
Among the three single bonds, at least one single bond 1s

bonded to a silicon atom of the surface of the first base
material 21.

|Chem. 4]
O—
/
E—(CH,),,—>S1— 00—

O_

The reaction 1s preferably performed in air with a relative
humidity of 45% or less because the alkoxysilyl group 1s
decomposed 1n the presence of moisture. Note that the con-
densation reaction 1s inhlibited by grease and moisture
adhered to the surface of the first base material 21. Therefore,
it 1s preferable that these impurities are removed 1n advance
by suificiently washing and then drying the first base material
21.

In the case where any one of the above-mentioned metal
salts 1s used as the condensation catalyst, the time required for
completing the condensation reaction 1s about two hours.

In the case where one or more compounds selected from
the group consisting of ketimine compounds, organic acids,
aldimine compounds, enamine compounds, oxazolidine
compounds, and aminoalkylalkoxysilane compounds are
used as the condensation catalyst instead of the above-men-
tioned metal salts, the reaction time can be reduced to about 14

to 24.
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Alternatively, when these compounds are used as a cocata-
lyst as a mixture with the above-mentioned metal salts (these
compounds can be used 1n a mass ratio in the range of 1:9 to
9:1, but the mass ratio i1s preferably about 1:1), the reaction
time can be further reduced.

For example, when the monomolecular film 13 of the first
film compound 1s formed under the same conditions except
that H3 manufactured by Japan Epoxy Resins Co., Ltd.,
which 1s a ketimine compound, 1s used as the condensation
catalyst instead of dibutyltin bisacetylacetate, which is a car-
boxylic acid metal salt chelate, the reaction time can be
reduced to about one hour without impairing the quality of the
first base material 21.

Furthermore, when the monomolecular film 13 of the first
film compound 1s formed under the same conditions except
that a mixture (mixing ratio: 1:1) of H3 manufactured by
Japan Epoxy Resins Co., Ltd. and dibutyltin bisacetylaceto-
nate 1s used as the condensation catalyst, the reaction time can
be reduced to about 20 minutes.

Examples of the ketimine compound that can be used here
include, but are not particularly limited to, 2,5,8-triaza-1,8-
nonadiene, 3,11-dimethyl-4,7,10-triaza-3,10-tridecadiene,
2,10-dimethyl-3,6,9-triaza-2,9-undecadiene, 2,4,12,14-tet-
ramethyl-5,8,11-triaza-4,11-pentadecadiene, 2,4,15,17-tet-
ramethyl-5,8,11,14-tetraaza-4,14-octadecadiene, and 2,4,20,
22-tetramethyl-5,12,19-triaza-4,19-trieicosadiene.

Examples of the organic acid that can be used include, but
are also not particularly limited to, formic acid, acetic acid,
propionic acid, butyric acid, and malonic acid.

In producing the reaction mixture, an organochlorine sol-
vent, a hydrocarbon solvent, a fluorocarbon solvent, a sili-
cone solvent, and a mixed solvent thereof can be used. In
order to prevent hydrolysis of the alkoxysilane compound, 1t
1s preferable that moisture 1s removed 1n advance from the
solvent used using a desiccant or by distillation. The boiling
point of the solvent is preferably 1n the range o1 50° C. to 250°
C.

Specific examples of the solvent that can be used 1nclude
nonaqueous petroleum naphtha, solvent naphtha, petroleum
cther, petroleum benzine, 1soparaifin, normal paraifin, deca-
lin, industrial gasoline, nonane, decane, heating o1l, dimethyl
silicone, phenyl silicone, alkyl-modified silicone, polyether
silicone, and dimethylformamide.

Furthermore, an alcohol solvent such as methanol, ethanol,
or propanol, or a mixture thereof can also be used.

Examples of the fluorocarbon solvent that can be used
include flon solvents, Fluorinert (manufactured by 3M 1n the
United States), and Atflude (manufactured by Asahi Glass Co.,
Ltd.). These may be used alone or 1n combinations of two or
more solvents that can be suiliciently mixed with each other.
Furthermore, an organochlorine solvent such as dichlo-
romethane or chloroform may be added.

A preferable concentration of the alkoxysilane compound
in the reaction mixture 1s in the range 01 0.5 to 3 mass percent.

After the reaction, washing 1s performed with a solvent to
remove excess alkoxysilane compound and condensation
catalyst remaining on the surface as unreacted products. Con-
sequently, the monomolecular film 13 of the first film com-
pound 1s formed on the first joining surface 11. A schematic
view ol the vicinity of the first joining surface 11 on which the
monomolecular film 13 of the first film compound is thus
formed 1s shown 1n FIG. 2.

Any solvents that can dissolve the alkoxysilane compound
can be used as the washing solvent. For example, dichlo-
romethane, chloroform, or N-methylpyrrolidone, which 1s
inexpensive, which can solve the alkoxysilane, and which can
be easily removed by air drying 1s preferable.
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After the reaction, when the first base material 21 1s left to
stand 1n air without washing with a solvent, a portion of the
alkoxysilane compound remaining on the surface i1s hydro-
lyzed by moisture 1n air, and a condensation reaction between
a resulting silanol group and an alkoxysilyl group occurs. As
a result, an ultrathin polymer film made of polysiloxane 1s
tformed on the first joining surface 11. This polymer film 1s not
necessarily completely fixed on the first joining surface 11 by
covalent bonding. However, the polymer film contains an
epoxy group, and thus has a reactivity similar to that of the
monomolecular film 13 of the first film compound. Therefore,
even 11 washing 1s not performed, no particular problem
occurs 1n the subsequent production process.

In this embodiment, an alkoxysilane compound having an
epoxy group 1s used. Alternatively, an alkoxysilane com-
pound 1n which an amino group 1s disposed at an end of a
straight-chain alkylene group and an alkoxysilyl group 1s
disposed at another end thereof, and which 1s represented by
a general formula (Chem. 5) below may be used.

H,N—{(CH,),,—Si(OR), [Chem. 5]

In the above formula, m represents an integer 1n the range
of 3 to 20, and R represents an alkyl group having 1 to 4
carbon atoms.

Specific examples of the film compound having an amino
group that can be used include alkoxysilane compounds rep-
resented by (21) to (28) below.

(21) H,N(CH,),S1(OCH,),
(22) H,N(CH,)-S1(OCH;);
(23) H,N(CH,),Si(OCH,),
(24) H,N(CH,)oS51(0OCH5;)5
(25) HN(CH,)s51(0C,Hs)s
(26) H,N(CH,),Si(OC,H,),
(27) H,N(CH,);51(0C,H;),
(28) H,N(CH,),Si(OC,H,),

Among the condensation catalysts that can be used in the
reaction mixture, compounds contaiming a tin (Sn) salt cannot
be used as a condensation catalyst for an alkoxysilane com-
pound having an amino group because such compounds react
with the amino group to produce a precipitation.

Accordingly, when an alkoxysilane compound having an
amino group 1s used, except for carboxylic acid tin salts,
carboxylate tin salts, carboxylic acid tin salt polymers, and
carboxylic acid tin salt chelates, the same compound as those
used 1n the case of an alkoxysilane compound having an
epoxy group can be used alone or as a mixture of two or more
compounds as a condensation catalyst.

The type of cocatalyst that can be used and combinations
thereof; the type of solvent; the concentrations of the alkox-
ysilane compound, the condensation catalyst, and the cocata-
lyst; reaction conditions; and the reaction time are the same as
those 1n the case of an alkoxysilane compound having an
epoxy group, and thus a description thereof 1s omitted.

In this embodiment, glass 1s used as the first base material.
Alternatively, a metal such as aluminum, ceramics, or a syn-
thetic resin such as an acrylic resin or polycarbonate can also
be used.

When the base material has an active hydrogen group such
as a hydroxyl group or an amino group on the surface thereof,
an alkoxysilane compound can be used as the film compound
as 1n the case of glass. Specific examples of such a base
material include metals such as aluminum and ceramics.

When a synthetic resin 1s used as the base material, by
performing a treatment, for example, grafting a compound
having an active hydrogen group by a plasma treatment or the
like, an alkoxysilane compound can be used as the film com-
pound 1n some cases.
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FIG. 1 shows a schematic view of the case where a mono-
molecular film of a film compound having an epoxy group 1s
formed on the entire surface of the first base material. Alter-
natively, the reaction mixture can be selectively applied onto
only on the first joiming surface using a screen printing
method, an ink jet printing method, or the like. Inthis case, the
monomolecular {ilm 1s not formed 1n an area of a channel of
a solution. Accordingly, the biochemical chip according to
the present invention can also be suitably used even 1n the case
where a compound that reacts with a functional group or a
coupling reactive group contained in the monomolecular film
1s used.

(The above 1s related to step A)

In step B, a second film compound having an epoxy group
1s brought 1into contact with a second joining surface 12 of a
second base material 22 made of glass to form a monomo-
lecular film 14 of the second film compound having an epoxy
group on the second joining surface 12 (see FI1G. 2). The film
compound that can be used, reaction conditions, and the like

are the same as those 1n step A, and thus a detailed description
thereot 1s omitted.
(The above 1s related to step B)

In step C, first, 2-methylimidazole 1s brought into contact
with the monomolecular film 13 of the first film compound to
form a bond by a coupling reaction between an epoxy group
and an amino group of 2-methylimidazole, thereby forming a
monomolecular film 15 of a 2-methylimidazole derivative on
the surface of the monomolecular film 13 of the first film
compound (see FIG. 3); and the first joiming surface 11 further
having the monomolecular film 135 of the 2-methylimidazole
derivative thereon 1s then brought into contact by pressure
with the second joining surface 12 having the monomolecular
f1lm 14 of the second film compound thereon to form a bond
by a coupling reaction between an epoxy group and an 1mino
group of 2-methylimidazole.

2-Methylimidazole has an amino group and an 1mino
group, each of which reacts with an epoxy group, at the
1 -position and the 3-position, respectively, and forms bonds
by a coupling reaction shown in Chem. 6 below.

|Chem. 6]
O — O
/ \ [\ / \
—CH—CH, + N\ NH + H,C—CH -
—(‘3H—CH2—+N\ N—CH,—CH——
O Y OH

The monomolecular film 15 of the 2-methylimidazole
derivative 1s formed by applying a reaction mixture prepared
by mixing 2-methylimidazole and a solvent onto the mono-
molecular film 13 of the first film compound formed on the
first joining surface 11, and performing a reaction by heating.
The application can be performed using any method such as
a doctor blade method, a dip-coating method, a spin-coating
method, a spray method, or a screen printing method.

In producing the reaction mixture, any solvent that can
dissolve 2-methylimidazole can be used. In view of the price,
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the volatility at room temperature, the toxicity, and the like, a
lower alcohol solvent such as 1sopropyl alcohol or ethanol 1s
preferable.

The amount of 2-methylimidazole added, the concentra-
tion of the mixture applied, the reaction temperature, and the
reaction time are appropriately adjusted 1n accordance with,
for example, the types of base material and film compound
used.

After the reaction, washing 1s performed with a solvent to
remove excess 2-methylimidazole remaining on the surface
as an unreacted product. Consequently, the monomolecular
film 15 of the 2-methylimidazole denivative 1s further formed
on the surface of the monomolecular film 13 of the first film
compound (see FIG. 3).

The first joining surface 11 further having the monomo-
lecular film 15 of the 2-methylimidazole derivative thus
obtained thereon and the second joining surface 12 having the
monomolecular {ilm 14 of the second film compound thereon
are brought into contact with each other by pressure and
heated. Consequently, the first joining surface 11 1s adhered to
the second joining surface 12 via a bond formed by a coupling
reaction between the epoxy group on the monomolecular film
14 of the second film compound formed on the second joining,

surface 12 and an 1mino group of the 2-methylimidazole
derivative covering the first joining surface 11, and thus the
biochemical chip 10 1s obtained (see FIG. 1).

The heating temperature 1s preferably 1in the range of 50° C.
to 150° C. If the heating temperature 1s lower than 50° C., 1t
takes a long time to carry out the coupling reaction. If the
heating temperature exceeds 150° C., a problem such as a
decrease 1n the dimensional accuracy occurs.

Furthermore, when the adhesion 1s achieved while heating
the first base material 21 and the second base material 22 at
the same temperature, generation of thermal distortion after
the adhesion can be suppressed to improve the dimensional
accuracy.

In this embodiment, 2-methylimidazole 1s used as a cou-
pling agent. Alternatively, any imidazole derivative repre-
sented by Chem. 7 below can be used.

|Chem. 7]

Specific examples of the imidazole dervative represented
by Chem. 7 include compounds represented by (31) to (38)
below.

(31) 2-methylimidazole (R.=Me, R,—R.—H)

(32) 2-undecylimidazole (R,—C, H,;, R,—R.—H)

(33) 2-pentadecylimidazole (R,—C,H;,, R,—R.—H)
(34) 2-methyl-4-ethylimidazole (R,=Me, R,=Et, R.—H)
(35) 2-phenylimidazole (R.,=Ph, R ,—R.—H)

(36) 2-phenyl-4-ethylimidazole (R,=Ph, R ,=Ft, R.—H)
(37) 2-phenyl-4-methyl-5-hydroxymethylimidazole (R,=Ph,
R ,=Me, R.—CH,OH)

(38) 2-phenyl-4,5-bis(thydroxymethyl)yimidazole (R,=Ph,
R ,—R.—CH,OH)

Note that Me, Et, and Ph represent a methyl group, an ethyl
group, and a phenyl group, respectively.

Alternatively, other than the imidazole derivative, a hetero-
cyclic compound containing two or more nitrogen atoms,
namely, melamine, 1socyanuric acid, triazine, barbituric acid,
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parabanic acid, uracil, thymine, or the like can also be used.
Furthermore, an imidazole-metal complex may also be used.

Alternatively, a compound such as an acid anhydride, e.g.,
phthalic anhydride or maleic anhydride; dicyandiamide; or a
phenol derivative, e.g., novolac, each of which 1s used as a
curing agent of an epoxy resin, can be used as the coupling
agent. In such a case, an imidazole derivative may be used as
a catalyst 1n order to accelerate the coupling reaction.

In this embodiment, a description 1s made of the case where
a film compound having an epoxy group as a functional group
1s used. When a film compound having an amino group or an
1Imino group as a functional group 1s used, a coupling agent
having, as the coupling reactive groups, two or three or more
epoxXy groups, or two or three or more isocyanate groups 1s
used.

When, for example, an epoxy group and an 1socyanate
group are used as the coupling agent, coupling reactions
shown 1n Chem. 8 and Chem. 9 below occur, respectively.

|Chem. §]
O
/ \
——NH, + H,C—CH - —NH—CH;—(‘?H—
OH
|Chem. 9]

NH——

—NH, + OCN— ——» —NH H

O

Specific examples of the compound having isocyanate
groups include p-phenylene diisocyanate, hexamethylene-1,
6-diisocyanate, toluene-2,6-diisocyanate, and toluene-2,4-
diisocyanate.

The amount of ditsocyanate compound added 1s appropri-
ately adjusted as 1n the case of 2-methylimidazole. In this
case, examples of the solvent that can be used for producing
the reaction mixture include aromatic organic solvents such
as xylene.

In addition, when a film compound having an amino group
1s used, a compound having two or three or more epoxy
groups such as ethylene glycol diglycidyl ether can also be
used as the coupling agent.

In this embodiment, a coating {ilm of 2-methylimidazole 1s
formed 1n advance, and adhesion 1s then achieved. Alterna-
tively, a solution of 2-methylimidazole may be applied on
either one of or both of the monomolecular film of the first
film compound and the monomolecular film of the second
film compound, and both the monomolecular films may then
be brought into contact with each other by pessure to achieve
adhesion.

(The above 1s related to step C)

A biochemical chip and a method of producing the same
have been described here. An optical component can also be
produced by the same method, and thus a detailed description
thereot 1s omitted.

EXAMPLES

Examples performed 1n order to verily the advantages of
the present invention will be described below, but the present
invention 1s not limited to these examples. In these examples,
production of a biochemical chip and lens including a glass
base material will be described as typical examples.
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Example 1

Production of Biochemical Chip

(1) Formation of Monomolecular Film of Film Compound
Having Epoxy Group on Joining Surfaces of Biochemical
Chip Substrates

A pair of glass biochemical chip substrates (a channel
having a channel width in the range of 10 to 100 um and a
depth of about 50 um was formed on one of the substrates by
photolithography and wet etching) were prepared, suifi-
ciently washed and then dried.

Subsequently, 0.99 parts by weight of 3-glycidyloxypro-
pyltrimethoxysilane (Chem. 10, manufactured by Shin-Etsu
Chemical Co., Ltd.) and 0.01 parts by weight of dibutyltin
bisacetylacetonate (condensation catalyst) were weighed and
then dissolved in 100 parts by weight of hexamethyldisilox-
ane to prepare a reaction mixture.

[Chem. 10]
0O

/ \
H,C — CHCH,O— (CH,)3;—Si(OCH3);3

The reaction mixture thus prepared was applied onto a
joining surface of each of the substrates and allowed to react
in air (relative humidity: 45%) for about two hours. Subse-
quently, washing was performed with chloroform to remove
excess alkoxysilane compound and dibutyltin bisacetylaceto-
nate. A monomolecular film (having a thickness of about 1
nanometer) of the film compound having an epoxy group was
formed over the entire joining surfaces.

(2) Formation of Monomolecular Film of 2-Methylimidazole
Dernvative

2-Methylimidazole dissolved 1in an alcohol was applied
onto one of the epoxidized biochemical chip substrates on
which the monomolecular film was formed in (1) and allowed
to react under heating at 50° C. to 100° C. Washing was then
performed with ethanol. Consequently, a monomolecular
f1lm of a 2-methylimidazole dertvative was further formed on
the surface of the monomolecular film of the film compound.
(3) Adhesion with Biochemical Chip Substrate

The biochemical chip substrate on which the monomolecu-
lar film of the film compound having an epoxy group was
tformed 1n (1) and the biochemical chip substrate on which the
monomolecular film of the 2-methylimidazole derivative was
formed 1 (2) were heated 1 advance at 150° C. Both sub-
strates were disposed so that the joining surfaces faced each
other, brought into contact with each other by pressure, and
then heated at 150° C. Consequently, a biochemical chip was
obtained.

Example 2
Production of Cemented [.ens

Adhesion of a cemented lens was achieved by the same
method as in Example 1 using two lenses for a cemented lens.
Regarding the resulting cemented lens, discoloration, distor-
tion of the field of view, aberration, interference fringe for-
mation, or the like was not observed.

REFERENCE NUMERALS

10: biochemical chip, 11: first joiming surface, 12: second
joining surface, 13: monomolecular film of a first film com-
pound, 14: monomolecular film of a second film compound,
15: monomolecular film of a 2-methylimidazole derivative,
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21: first base matenial, 22: second base matenal, 23: hydroxyl

group
The invention claimed 1s:

1. An optical component comprising;:
a first member and a second member,
wherein:
on a first joining surface of the first member, a first
coating film of a first film compound having a first
functional group at an end of 1ts molecule and
covalently bonded to the first joining surface at

another end thereof;
on a second joimng surface of the second member, a

second coating film of a second film compound hav-
ing a second functional group atan end of 1ts molecule
and covalently bonded to the second joining surface at
another end thereof;

the first functional group and the second functional
group are covalently bonded to each other via bonds
formed by coupling reactions: between the first func-
tional group and a coupling agent having at least one
first coupling reactive group configured to form a
covalent bond by a coupling reaction with the first
functional group and at least one second coupling
reactive group that 1s configured to form a covalent
bond by a coupling reaction with the second func-
tional group; and between the second functional
group and the coupling agent, the first joining surface
1s adhered to the second joining surface via the formed
bonds;

the first functional group comprises an epoxy group;

the second functional group comprises an epoxy group;
and

the coupling agent comprises an imidazole.

2. The optical component of claim 1, wherein each of the
coating film of the first film compound and the coating film of
the second film compound 1s a monomolecular film.

3. The optical component of claim 1 which 1s a light trans-
missive member.

4. The optical component of claim 1 which 1s a lens, a
prism, an optical fiber, or an optical recording medium.

5. The optical component of claim 1, wherein the imidazole
1s represented as:

Rs

wherein:

R, 1s alkyl or aryl;

R, 1s H, alkyl, or hydroxyalkyl; and
R 1s H, alkyl, or hydroxyalkyl.
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6. The optical component of claim 5, wherein R, 1s methyl,
undecanyl, pentadecanyl, or phenyl.

7. The optical component of claim 5, wherein R, 1s H,
methyl, ethyl, or hydroxymethyl.

8. The optical component of claim S5, wherein R 1s H,
methyl, ethyl, or hydroxymethyl.

9. The optical component of claim 1, wherein the imidazole
1s 2-methylimidazole, 2-undecylimidazole, 2-pentadecylimi-
dazole, 2-methyl-4-ethylimidazole, 2-phenylimidazole,
2-phenyl-4-ethylimidazole, 2-phenyl-4-methyl-5-hy-
droxymethylimidazole, or 2-phenyl-4,5-bis(hydroxymethyl)
imidazole.

10. The optical component of claim 1, wherein the epoxy
groups 1ndividually comprise a glycidyloxy group or a 3,4-
epoxycyclohexyl group.

11. An adhered article comprising;:

a first member and a second member;

wherein:

on a first joining surface of the first member, a first
coating fi1lm of a first film compound having a first
functional group at an end of its molecule and
covalently bonded to the first joining surface at
another end thereof;

on a second joimng surface of the second member, a
second coating film of a second film compound hav-
ing a second functional group at an end of 1ts molecule
and covalently bonded to the second joining surface at
another end thereof;

the first functional group and the second functional
group are covalently bonded to each other via bonds
formed by coupling reactions: between the first func-
tional group and a coupling agent having at least one
first coupling reactive group configured to form a
covalent bond by a coupling reaction with the first
functional group and at least one second coupling
reactive group that 1s configured to form a covalent
bond by a coupling reaction with the second func-
tional group; and between the second functional
group and the coupling agent, the first joining surface
1s adhered to the second jo1ning surface via the formed
bonds;

the first functional group comprises an epoxy group;

the second functional group comprises an epoxy group;
and

the coupling agent comprises an imidazole.

12. The adhered article of claim 11 which 1s a biochemaical
chip or optical component.

13. The adhered article of claim 12, wherein the optical
component a light transmissive member.

14. The adhered article of claim 12, wherein the optical
component 1s a lens, a prism, an optical fiber, or an optical
recording medium.
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